Osteoarthritis of the knee is a major clinical burden. Recent decades have witnessed an improved understanding of knee physiology and kinematics, which has led to the introduction of a wide range of enhanced prosthetic implant designs for a variety of indications. However, the increase in the number of procedures performed annually has led to complications being encountered at higher rates than ever before, requiring the development of optimised therapeutic strategies. The future holds several promising options, primarily in the treatment of early osteoarthritis, biological therapy, surgical navigation and patient-specific implants. This review provides an insight into the current options of knee arthroplasty, with emphasis on available designs, and examines the complications that may be encountered.
Introduction
Osteoarthritis (OA) is a term commonly used to describe the clinical and pathological outcomes of an active process that involves cartilage destruction, subchondral bone thickening and new bone formation, and results in the structural and functional failure of a joint [1, 2] . The functional disability associated with OA is a clinical burden, with over 25% of people aged over 55 years suffering knee pain on most days of the month [3] . Several risk factors that significantly increase the risk of knee OA have been identified, including obesity, previous knee injury, previous knee surgery and occupations involving bending or lifting [4] . OA is managed on an individual basis, and management is optimised in line with the therapeutic response. A stepwise approach based on the severity of symptoms is recommended, beginning with preventive approaches involving alignment correction and cartilage regenerative procedures as well as pharmacological pain controlling strategies, and ending with joint resurfacing and arthroplasty in advanced stages of disease [5] . The history of total knee arthroplasty (TKA) began in the 1860s, when Fergusson reported the first resection for knee OA [6] . Interpositional arthroplasties, using materials such as joint capsules, muscle, fascia and free fascial grafts, were attempted over subsequent years, but were ultimately unsuccessful [7] . The first reports of total joint replacement were made by Thermestocles Gluck in the 1880s, who used Illustration of a few of the currently available total knee arthroplasty designs.
an ivory hinged design fixed with a cement made from plaster of Paris, pumice and colophony [8, 9] . Condylar knee designs, in which the femoral and tibial load-bearing surfaces are replaced with unconnected artificial components, were first investigated in the late 1960s [8] . The Canadian surgeon Frank Gunston subsequently implanted the first polycentric knee prosthesis in 1971 [10] . The idea of introducing separate medial and lateral femoral components was novel at the time, and began of the era of the condylar knee prosthesis. Incremental improvements in component materials, geometry and fixation continued throughout the subsequent decades [9] . However, it was only after marked improvements in our understanding of the structure of the knee and the complexities of knee kinematics that the durable and highly functional implants that we use today ( fig. 1 ) could be produced.
Indications for knee arthroplasty
The primary indication for knee arthroplasty is significant and disabling pain due to severe OA [11] . However, the impact of knee dysfunction on a patient's quality of life should be considered carefully [12] . The procedure is generally indicated in older patients with modest daily activities, but younger patients may befound to be suitable candidates after critical evaluation [13] . Depending on the location and severity of OA within the knee joint, several options may be considered, including partial and total joint arthroplasty.
Partial knee arthroplasty
Patellofemoral joint arthroplasty Isolated patellofemoral joint (PFJ) arthritis accounts for approximately 10% of knee arthritis cases, and is most common in younger females [14] . A variety of surgical treatment options are available if nonoperative measures fail to achieve satisfying results [15, 16] . Isolated lesions within the PFJ may be treated with alignment procedures, chon- Postoperative lateral X-ray after PFJ arthroplasty. E. Anteroposterior X-ray after PFJ arthroplasty. drocyte implantation, microfracture or partial lateral facetectomy, with the aim of delaying the necessity for TKA. Joint replacement procedures are considered once both the patellar and femoral sides of the PFJ are involved [17, 18] . The first patellar prosthesis was described by McKeever in 1955, followed by the first femoral component 24 years later, as described separately by Lubinus and Blazina [19, 20] . Enhanced second-generation prostheses with a broad symmetrical trochlear flange evolved in the 1990s, and the design has been refined and updated continually in the intervening years ( fig. 2 A-E) [21] . The Cochrane-registered Warwick trial was designed to determine whether there is a difference in functional knee scores and quality-of-life outcomes, as well as complication rates, between patellofemoral arthroplasty and TKA in patients with severe PFJ arthritis. Reports of the trial are currently awaited [22] .
Unicompartmental arthroplasty
Unicompartmental, or unicondylar, knee arthroplasty (UKA) is the preferred choice when the intention is to pre- serve the intrinsic joint stabilising structures, as well as healthy joint compartments [23] (fig. 3 A-D) [24] . The general indication for consideration of a UKA procedure is based an isolated involvement of either the lateral or medial tibiofemoral compartment, identified upon clinical and radiographic examination [25, 26] . Silent preoperative radiographic signs of patellofemoral joint disease can be ignored and are not considered a contraindication for UKA [27, 28] . There is only evidence to suggest that, despite a good outcome, patients with lateral patellofemoral OA receiving medial UKA have slightly inferior results than those without, as has been reported by the Oxford Group [29] . An intact anterior cruciate ligament (ACL) is an important prerequisite for UKA, as the altered knee kinematics and contact stresses would otherwise increase failure rates [30] . There are concerns over an increased failure rate with UKA versus TKA due to aseptic loosening and the progression of arthritis in the contralateral compartment [25] . Techniqueassociated factors, mainly the achievement of correct alignment during surgery, have been proven predictive for increased polyethylene wear and contralateral progression of OA due to undesirable peak loads [31, 32] . If correctly indicated and performed, UKA can provide long-lasting successful results [33, 34] .
Total knee arthroplasty
The first prosthesis designed to replace all three knee compartments was introduced in 1972 by John Insall. Described as the "total condylar prosthesis", it achieved very good outcomes and had a huge impact on condylar arthroplasty [35, 36] . Since then, there has been a remark-
Figure 4
A. Anteroposterior X-ray of tricompartmental osteoarthritis. B. Lateral X-ray of tricompartmental osteoarthritis. C. Anteroposterior X-ray following total knee arthroplasty (TKA). D. Lateral X-ray following TKA.
able increase in the number of TKAs performed annually. In the USA alone, over 700,000 TKAs were performed in 2011, a figure that is expected to increase by more than 600% by 2030 [37] . Figure 4 shows a radiograph of an arthritic knee before and after knee replacement.
Common TKA designs
There are a number of types of TKA implant designs, which are intended to offer the surgeon options for indi-
Figure 5
Cumulative revision rates (CRR) after total knee arthroplasty, with separate graphs for osteoarthritis (OA) and rheumatoid arthritis (RA). Reproduced with the kind permission of the Swedish Knee Arthroplasty Register.
Figure 6
A worst-case scenario of a chronic periprosthetic infection with severe soft tissue damage.
Figure 7
A. Anteroposterior X-ray of an hinged revision prosthesis. B. Lateral view in the same joint.
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Swiss Med Wkly. 2015;145:w14096 vidual patients. The various choices imply that each specific problem has a corresponding implant that provides a reliable solution. However, the results of comparative studies into many of the designs have not demonstrated, aside from a few instances, the marked improvements in outcomes that were expected. Until the current date, it has not been possible to produce a prosthetic design fully restoring the complex knee joint kinematics. The most common types of TKA design are discussed below.
Posterior cruciate ligament retention versus substitution
Although the ACL is routinely sacrificed during TKA, the posterior cruciate ligament (PCL) can be sacrificed or preserved. A corresponding prosthetic design, with or without a tibial intercondular prominence, is implanted accordingly [38] . There is no evidence favouring preservation of the PCL over its substitution [39] .
Fixed-versus mobile-bearing
Originating from Fred Buechel's "floating socket" philosophy, mobile bearing in TKA was introduced by the two Johns -Goodfellow and O'Connor -who described the theoretical principle of decreasing polyethylene wear by increasing implant conformity, and surface area for distribution of forces thereby reducing unidirectional stresses [40, 41] . The theoretical advantages could not, however, be substantiated by evidence, since a recent meta-analysis showed no difference in incidence of aseptic loosening or revision rates between fixed or mobile bearing designs, nor, especially, that the quality of polyethylene material has improved greatly [42] .
High-flex
High flexion, defined as a flexion angle >120º, may be necessary for patients in Asian countries and requires refinement of the prosthesis design and surgical technique [43, 44] . However, currently available randomised clinical trials (RCTs) suggest that clinical rating scores are not significantly higher than those achieved by posterior stabilised TKA designs [45] .
Gender-specificity
There has been a great deal of debate as to the effect of gender, due to gender-related anatomic variability, on the results of TKA [46, 47] . The distal femur tends to be narrower in females for any given anteroposterior dimension [48] , and a female-specific system was released (GenderSolutions™, Zimmer Inc., Warsaw, IN, USA). There are, however, larger differences in femur dimensions between races than between genders, which complicate the matter [49, 50] . Studies have failed to show any benefits with gender-specific implants, and the use of implants for the "wrong" gender has led to court cases [51] . Currently, several manufactures provide narrow femoral component designs without a gender specific nomenclature.
Constraint level
In patients with fixed valgus or varus deformity, constrained devices, such as constrained condylar knee and hinge types, may achieve a satisfactory balance. The level of constraint can be adapted to the individual, with higher constraints reserved for more severe cases [52] . Patients with a grade III fixed lateral collateral ligament deformity, in which medial stabilisers are no longer functional, benefit from additional constraint; for less severe grade I and II deformities however, there is no evidence of additional benefit of constrained devices over cruciate retaining or posterior stabilised designs [53] [54] [55] . It is, however, important to note that alongside the stability achieved through increased constraint, the forces on the component-bone interface also increase: this is to be kept in mind given the risk of loosening [56] . In general, the level of constraint can be categorised as follows starting from the least to the most constrained designs: (1.) cruciate retaining with minimal constraint (as mentioned above); (2.) cruciate substituting designs with a prominent tibial intercondylar prominence, a femoral cam and a deep articulating surface to decrease tibial translation [57] ; (3.) unlinked varus-valgus constraint which possesses a tall tibial post and a deep femoral box, which account for coronal plane stability in the case of insufficient collateral ligaments [58] ; (4.) rotating hinge implants, where the tibial and femoral components are linked with an axle restricting varus-valgus and translational movements. The choice of the correct degree of constraint is based on the ligamentous and bony condition; if sufficient, a primary posterior stabilised design would provide a good option, as it has been shown in literature reports [59] . In the case of insufficient (but not absent) collaterals, a semi-constrained design would be ideal provided that there is minimum bone loss [60, 61] . It is important to consider augmentation techniques using cement, bone grafts or augments to compensate for bone loss, before deciding on further constraint [62] . Hinged prosthesis should be preserved for cases of severe ligament disruption and bone loss [63, 64] .
Further designs
Several further designs have also been introduced with the intention of improving knee kinematics, including asymmetric tibial trays to enhance tibial coverage. Although these designs have been shown to provide for increased tibial coverage, they are also associated with increased posterolateral and posteriomedial overhang, with a subsequently increased likelihood of impingement [65] . Fully anatomic prosthesis were introduced but subsequently withdrawn owing to unfavourable outcome regarding iliotibial band traction syndrome resulting from increased rotation in a knee lacking cruciate ligaments [66] . The philosophy of less sacrifice of intrinsic stabilising structures led to more effort in development of bicruciate-retaining prosthetic designs were both cruciate ligaments along with the collateral ligaments are preserved, thus preserving the intrinsic knee stabilisers; such knee designs are now available, the results of which are to be awaited [67] .
Choices during TKA
TKA is an established procedure that provides good or excellent results in the majority cases, notwithstanding the challenges. Spatial considerations such as soft-tissue balancing, alignment of the leg and restoration of the joint line are crucial for achieving good long-term outcomes. Up to 25% of all prosthetic failures have been attributed to malpositioning or malalignment of the implant [68] . Setting reference points and ensuring correct alignment during surgical implantation are an important part of every knee arthroplasty procedure. Surgical options available for component positioning are discussed below.
Cemented versus cementless
The debate over whether there is a difference in outcome and prosthesis survival between cemented and cementless implants can be attributed to early articles reporting inferior survival with cementless implants [69, 70] . Surveys clearly demonstrate survival benefit, since the cumulative revision rate has been shown to be higher in cementless impants [71] .
Treating the patella Although anterior pain reduction after TKA was achieved with tricompartmental arthroplasties, difficult-to-manage patella complications arose [72, 73] . A recent meta-analysis of RCTs revealed no difference in outcomes between patella resurfacing and non-resurfacing, including for knee pain [74] . However, resurfaced patients require less additional surgery [74] . The indications for patella resurfacing are currently centre-or surgeon-dependent and, in some countries, politically based, particularly when the definition of total joint replacement centres on tricompartmental arthroplasty.
Computer-assisted surgery (CAS)
The use of CAS and associated medical imaging modalities have garnered increased interest over the past few decades as a method of enhancing the accuracy of alignment during knee arthroplasty [75] . If one imagines the alignment achieved by surgeons as a bell curve, CAS aims to decrease the extremes by reducing the number of 'outliers'. The actual long-term benefits for the majority of patients are yet to be established, however [76, 77] .
Patient-specific instrumentation (PSI)
It is important to note that there are currently no routinely available patient-specific implants, and custom-made prosthesis are reserved for specific cases. However, patient-specific cutting-blocks have emerged in recent years, providing unique, customisable blocks that conform to each individual patient's knee shape. After magnetic resonance imaging and X-ray scans, patient data are typically uploaded to the company website and the blocks manufactured [76] . PSI is an attractive idea for optimising accuracy in bone preparation [76] , and minimising complications arising from various knee anatomies [68] . The technology remains in its early stages, with only limited number of studies, and the first challenges in terms of the feasibility of the logistical process have been reported [78] . Further drawbacks are the need of a preoperative CT scan as well as accuracy issues that have recently been attributed to CTbased patient-specific cutting blocks [79] . Despite these difficulties, however, PSI remains an attractive option, as it reduces surgical time and sterilisation costs [80] .
Clinical outcomes and prosthesis survival
The most comprehensive assessment of real-world arthroplasty outcomes has come from the numerous arthroplasty registers that have been set up around the globe, the first of which was established in Sweden in 1975 [81] . Since then, a number of countries have launched nationwide registers to gather information on the survival rates of available implants [82] . In 2009, a common database for Scandinavian countries -the Nordic Arthroplasty Register Association -was inaugurated. It brought together data on 151,814 knee arthroplasties performed in Denmark, Norway and Sweden, with Finland joining the project in 2010 [83] . Registries usually publish detailed yearly reports, with statistical frequency distributions and survival analysis of primary and revision knees prosthetic implants since the registry began. As the oldest, the Swedish arthroplasty register (SKAR) represents a benchmark. Its 2012 annual report revealed cumulative revision rates (CRR) of 25% at 20 years for TKAs performed in patients with OA between 1976 and 1980. During this period, the 10-year CRR dropped from 15% (TKAs implanted between 1976 and 1980) to 4% (TKAs implanted between 1996 and 2000) [84] . Higher 10-year CRRs were observed for prostheses implanted in patients with rheumatoid arthritis between 1976 and 1980 (20%) and between 1996 and 2000 (6%) ( fig. 5 ) [84] . Alongside implant survival, an important measure of outcome following knee arthroplasty is patient satisfaction, including improvements in physical function and health-related quality of life. Registries, therefore, began to integrate such patient-reported outcomes. The SKAR conducted a survey in 1997 of patient satisfaction and unreported revisions, which had a remarkably high response rate of 95%. The results indicated that 8% of patients were dissatisfied 2-17 years after their knee replacement. This percentage doubled among patients who had undergone revision arthroplasty [85] . A number of instruments for the functional assessment of knee arthroplasty have also been developed, with the aim of standardising postoperative evaluation. These are either completed by clinicians, such as the Hospital for Special Surgery Knee Score and the Knee Society Score, or by patients, such as the Western Ontario and McMaster Universities Osteoarthritis Index. Clinical studies investigating long-term postoperative functional outcome after TKA demonstrate effect sizes of over 2.5, indicating that functional performance more than doubled after the procedure [86] .
Complications
Although TKA is a very successful treatment option for OA, complications do occur. Potential problems include infection, instability, misalignment, osteolysis, fracture, anterior knee pain and allergy to one or more of the prosthetic components [62] . The increasing number of TKA procedures performed annually has served to increase the number of TKA complications and revisions. Revision arthroplasty can be challenging owing to bone defects, ligament instability and difficulties with fixation [62] . The complications associated with TKA are discussed below.
Impact of patient factors
An important, but previously often overlooked, aspect of TKA success is patient satisfaction. Clinical reports indicate that up to 20% of primary TKA patients are dissat- isfied with the outcome of the procedure over the long term [87] . Failure to meet patient expectations is by far the most important factor for lowered postoperative outcomes, with others including the severity of preoperative arthritic pain and postoperative complications requiring hospital readmission [87] . Satisfaction following knee arthroplasty is significantly associated with domains related to pain and function [88] . As these are the major reasons for undergoing TKA in the first place, dissatisfaction is clearly a problem of failing to meet expectations. Early attempts to set patients' expectations in context should therefore be undertaken, ideally during the first visit, as this can have a considerable impact on postoperative outcomes [89] .
Aseptic loosening
Loosening is the leading cause of TKA failure, accounting for 30% of primary revisions [90] [91] [92] . Particulate wear debris, such as polyethylene, poly(methyl-methacrylate) cement or metal, results in a foreign-body inflammatory response, which causes osteolysis -a leading cause of late reoperations [93] . The extent of the inflammatory response is largely determined by the shape, size, type and concentration of the particles, with smaller particles inducing increased biological activity, thus increasing the rate of osteolysis [93] . The probability of revision caused by component wear increases from 10.5% up to 2 years postoperatively to 33.3% over 2 years postoperatively [94] . The presentation of instability includes tenderness over the pes anserinus bursa, instability on stair descent and a positive posterior drawer test [95] .
Infection
Periprosthetic infections are a devastating problem and account for 20% of all primary knee revisions ( fig. 6) [84] . They can be classified as early (<3 months after surgery), delayed (3-24 months after surgery) or late "chronic" (>24 months after surgery). Early and delayed infections are typically acquired during surgical implantation, whereas late infections are the result of haematogenous seeding [96] . There is controversy over the classical definition of a chronic infection being related to the passage of time, as the pathological mechanism is dependent on the formation of a biofilm. A reliable, increasingly used parameter is the interval from symptom onset, where a 3-week cutoff has been used to define a chronic infection [97] . It is important to note that only an open tissue biopsy is sufficient for confirmation of diagnosis, the sensitivity of which by far overweighs that of joint fluid aspiration [96] . Once the diagnosis of an infection is made, a radical surgical intervention that takes into account the nature of the infection and the microorganism involved has to be planned; antibiotic treatment is an adjunct but does not have solitary role. The intervention could take the form either of a radical debridement and exchange of the polyethylene inlay in the case of acute infection, or a single-stage procedure, in which the implant is removed and replaced by a second after radical debridement, or a two-stage procedure, with implantation of an antibiotic-augmented cement spacer to establish aseptic conditions before final revision, the latter of which is the gold-standard for chronic infections [98, 99] . Figure 7 shows an implanted revision prosthesis.
Malalignment
This is a common postoperative complication following TKA. As little as 3º varus or valgus angulation of the tibial tray may cause significant variations in the pressure distribution across the medial and lateral compartments [100] . Femoral component malrotation, on the other hand, is the major cause of patellofemoral complications [101] [102] [103] [104] [105] . These complications are likely to require revision, during which it is important to achieve a stable, balanced knee with optimal function through restoration of the joint line and soft tissue balancing [106] .
Fracture
Intraoperative fractures may occur at any stage of a TKA, and have an estimated incidence of 0.4% (107) . Another important considered is late periprosthetic fracture (PPF). The incidence of PFF is between 0.3% and 2.5%, and primarily follows minor trauma [108] [109] [110] [111] . Risk factors for PPFs include osteoporosis, anterior femoral notching, rheumatoid arthritis, steroid therapy, neurological disease, previous revision arthroplasty, local osteolysis and infection [112] . New-onset regional pain in a patient at high risk for PPF should therefore be further investigated to rule out a possible fracture.
Anterior knee pain
Persistent knee pain and inadequate range of motion are amongst the common complications following TKA, and range in prevalence from approximately 7%-12% to as much as 54%-60% [113] [114] [115] . Overstuffing of the components or elevation of the joint line should be avoided by following the correct procedural approach. One of the underlying causes of persistent knee pain is complex regional pain syndrome (CRPS). CPRS is a subentity of persistent chronic pain, which is defined as pain after a surgical procedure lasting for at least 2 months, and is experienced by approximately 20% of TKA patients [116, 117] . The typical presentation following TKA is constant pain unrelated to physical activity, with limited flexion, and cutaneous hypersensitivity without radiographic signs of infection or lucency [118] . If these complications do occur, radiographs, bone scans, laboratory tests and local analgesic infiltration should be performed to identify the cause [114] .
Allergy
As noted above, chronic inflammation resulting from particulate wear is a leading cause of implant failure following TKA. Metals and acrylic cement undergo wear and corrosion when in contact with biological fluids, and ions released by this process may interact with the immune system, inducing a delayed-type hypersensitivity reaction [119] . The presence of positive skin reactions to at least one hapten is associated with a 4-fold increased likelihood of TKA failure [120] . The clinical significance of hypersensitivity is therefore clearly an important, but apparently underestimated, cause of failure. However, there is a discrepancy between skin and deep-tissue sensitivity [119] . A practical, specific and sensitive universal tool to enable testing for, or diagnosis of, sensitivity to implant materials is therefore required. The authors recommend the use of titanium or oxidised zirconium implants in the case of sus-pected allergy or patient request due to the reduced potential of causing hypersensitivity [121, 122] .
Bone deficiency/revisions
One of the most important challenges in revision TKA is the management of bone deficiency, which causes difficulties in implant alignment and the achievement of a stable bone-implant interface [62] . Successful management of bone deficiency could be achieved through the use of cement, morselised or formed allografts, metal wedges and augmentors together with stem supplements including offsets and cones that help decrease stresses on the implantbone interface [62, 123] . The selection of implants is primarily based on the status of ligamentous and stabilising structures [59] .
Conclusions
As discussed, the considerable advances in the understanding of knee kinematics during the past few decades has led to improvements in the design of prosthetic knee implants and an explosion in the number of options for specific patient scenarios. However, there has also been a steep increase in the number of procedures performed annually, a trend that is set to continue in the coming decades. This is being accompanied by a rise in the number of complications encountered, some of which present the surgeon with considerable difficulties. The challenge of increasing patient expectations and the high rate of patient dissatisfaction and failures compared with arthroplasty of the hip, are increasingly gaining attention by the orthopaedic community. There is growing emphasis on careful patient selection and joint-preserving surgery. Current trends show an upward shift in timing of arthroplasty, alongside focus on joint preserving approaches, and improvement of prosthetic designs with increasing respect for intrinsic joint stabilising structures, along with finding the correct balance between anatomical design and kinematic functionality. 
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Figure 5
Cumulative revision rates (CRR) after total knee arthroplasty, with separate graphs for osteoarthritis (OA) and rheumatoid arthritis (RA).
Reproduced with the kind permission of the Swedish Knee Arthroplasty Register.
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